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INTRODUCTION: Solubility of root filling materials is heavily influenced by the environment 
they are in contact with. This study compared the solubility of ProRoot MTA in deionized water 
and synthetic tissue fluid. 

MATERIALS AND METHODS: Forty specimens of prepared MTA were immersed in deionized 
water and synthetic tissue fluid (20 samples each). The solubility was assessed after 7 and 28 days. 
Scanning electron microscope observation was also performed. The mean weight loss was 
evaluated using a digital scale. Data were analyzed using one-way ANOVA. Tukey test was 
performed for multiple comparisons. 

RESULTS: MTA solubility in synthetic tissue fluid was significantly lower than deionized water 
after 7 and 28 days (P<0.05). Secondary electron detectors revealed the presence of lumps and 
platelets on the surfaces of both specimens. Also, more voids were observed in specimen stored in 
deionized water. 

CONCLUSION: MTA dissolved faster in deionized water than synthetic tissue fluid. Despite this, 
the solubility of this material in both media was acceptable. 
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Dental materials including root-end fillings are 
subjected to various acids, enzymes, and fluids 
in the natural oral environment; therefore, their 
solubility or insolubility is an essential 
characteristic. Root-end filling materials cannot 
provide good sealing unless they are insoluble 
in periapical tissue fluids (1,2). Using a 
material with low solubility in saliva and 
natural body fluids is critical in endodontics. 
Root-end filling materials must be insoluble in 
periradicular fluids; otherwise, delayed leakage 
and subsequent treatment failure will occur (3). 



Mineral trioxide aggregate (MTA) has shown 



INTRODUCTION 



great potential as the material of choice for 
endodontic root-end filling. It has good sealing 
ability, low bacterial leakage, good marginal 
integrity and biocompatibility (2). Therefore, 
MTA is the material of choice in retrograde 
treatments of teeth with open apices 
(apexification) (4). MTA is mainly composed of 
Portland cement and bismuth oxide (5). This 
issue has generated interests in the evaluation of 
Portland cement as an alternative to MTA. 
Danesh et ah claimed that MTA displayed 
superior properties and lower solubility than 
Portland cement (6). On the other hand, another 
study reported that the solubility of white MTA 
was significantly greater than ordinary Portland 
cement (5,7). Poggio et ah evaluated the 
solubility of IRM, Super seal, and Pro Root as 
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Figure 1. Box plots of solubility values in each group 
stored in deionized water and synthetic tissue fluid. The 
meanistandard deviation values were 0.95±0.00, 
3.04±0.02, 0.54±0.01 and 2.02±0.01 after 7 and 28 days in 
deionized water and STF, respectively. 

root-end filling materials (8). They concluded that 
they are virtually insoluble. Also, it is reported 
that the addition of CaCl 2 to white MTA and 
white Portland cement decreased their solubility 
(9). Furthermore, the degree of solubility rises as 
the water to powder ratio increases (10). The 
environment of a material will influence its 
degree of solubility and therefore this study 
aimed to compare the solubility of ProRoot 
MTA when stored in deionized water and 
synthetic tissue fluid. 

MATERIALS AND METHODS 

This experimental study was conducted 
according to the International Organization by 
standardization guidelines (ISO 6876:2002) 
for evaluating dental root canal sealing 
materials (11). 



weighed twice by means of a digital scalar with 
0.1 mg accuracy (Mettler College, Germany) 
before and after filling. They were randomly 
divided into two groups of 20 each and were 
stored in deionized water and synthetic tissue 
fluid (STF) using micro fence. The STF was a 
phosphate buffer saline solution (pH=7.2) with 
the following composition: 1.7g KH 2 P0 4 , 11.8 g 
Na 2 HP0 4 , 80.0g NaCl, and 2.0g KC1 in 10L of 
H 2 0. Specimens were immersed in a container 
with lOOcc fluid and the container was sealed by 
one Parafilm stripe (Parafilm "M", Laboratory 
Film, Chicago) and placed in incubator (37 C and 
no humidity). Ten specimens from each group 
(20 total) were taken out from incubator after 7 
days and again another set (total=20) taken out 
after 28 days; they were washed with distilled 
water, dried with drier paper, placed in incubator 
(37 C with no humidity) for 24 hours and 
weighed again. Solubility was verified by the 
amount of weight loss. 

Also, one specimen from each group was 
selected and prepared for scanning electron 
microscopy to observe the surface 
characteristics and effects of STF and 
deionized water on the MTA surface. The 
surface was sputter-coated and observed under 
scanning electron microscope (SEM) (Leo 
440i; Oxford Microscopy, Oxford, UK) using 
secondary electron mode (x500 and x2500). 

One-way ANOVA analysis was used to compare 
the medias' cumulative data. Statistical 
significance was set at a=0.05. Tukey test was 
performed for multiple comparisons. 

RESULTS 



Twenty sachets of ProRoot MTA (Tooth- 
colored, Dentsply, Tulsa Dental, Tulsa, Ok, USA) 
were mixed with their accompanying ampoule 
according to the manufacturer's instruction and 
inserted into 40 stainless steel (SS) ring molds 
(internal diameter: 20±lmm, height: 1.5±0.1mm). 
Flat glass plates having dimensions larger than 
the maximum dimension of the ring molds were 
used to flatten the surface of the specimens. The 
face of the glass tubes was pressed against the 
specimens and carefully removed to leave a flat 
and uniform surface. Cement flushes were 
removed carefully. All specimens were placed in 
a 37 C incubator with not less than 95% humidity 
for a time period 50% longer than the setting time 
stated by the manufacturer. Each ring was 



The solubility of MTA in deionized water and 
synthetic tissue fluid after 7 and 28 days are 
illustrated in Figure 1. Tukey test revealed 
significant difference between groups (P<0.05). 
SEM micrographs (Figure 2) revealed little 
porosity and predominantly uniform geometrical 
shaped crystals which covered the surfaces of all 
specimens at 28 days; however, large porosities 
were found on the surface of the specimens 
stored in deionized water. 

DISCUSSION 

A suitable root-end filling material must provide 
an apical seal that inhibits the leakage of irritants 
from the root canal system into the periradicular 
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tissues (1,12). Insolubility is a desirable property 
for restorative materials in dentistry; moreover, 
it is also an ideal characteristic for root-end 
filling materials (13). Although in clinical 
situations only part of the root-end fillings are in 
direct contact with the aqueous environment {i.e. 
periapical tissues) (10), under the conditions of 
the present study the whole specimen was in 
contact with a large amount of synthetic tissue 
fluid or deionized water. Distilled water has 
been used in many MTA solubility studies 
(7,14), however in this study, STF was selected 
to simulate clinical conditions due to its 
similarities to dentinal fluid (15). Deionized 
water was also selected in the present study to 
keep in accordance with ISO standard evaluation 
process. 

MTA undergoes dissolution when it is in contact 
with STF and releases all of its major cationic 
constituents and promotes the precipitation of 
hydroxyapatite on its surface and in the 
surrounding fluid (15). Also, over long periods 
MTA partially releases calcium hydroxide to an 
aqueous environment with a decreasing rate, 
maintaining a high pH in aqueous solution (16). 

Lower solubility was observed in the STF than 
deionized water group. We attribute the lower 
solubility of MTA in STF to the higher 



concentration of ions in STF than deionized 
water which results in lower penetration of fluid 
into the bulk of MTA. Also, the presence of 
higher concentration gradient in STF may lead 
to lower penetration of fluid into MTA bulk in 
STF group (negative gradient). 

SEM micrographs revealed that bulk porosity 
and pore size distribution increased in specimens 
stored in deionized water. Secondary electron 
detectors revealed the presence of lumps and 
platelets on the surfaces of both specimens. 
Also, more voids were observed in specimen 
stored in deionized water; this finding supports 
the solubility results. 

CONCLUSION 

The media used for evaluating solubility of a 
material can impact the results of study. Due to 
similarity of STF with biological fluids, this 
media is suggested as an alternative to distilled 
water for solubility studies of dental materials. 

ACKNOWLEDGMENTS 

We are indebted to Professor Mehrdad Lotfi for 
data organization and analysis. 

Conflict of Interest: ( None declared'. 



I<EJ Iranian Endodontic Journal 2011 ,6(1) .21 -24 



REFERENCES 

1. Gartner AH, Dorn SO. Advances in endodontic 
surgery. Dent Clin North Am 1992;36:357-78. 

2. Torabinejad M, Hong CU, McDonald F, Pitt 
Ford TR. Physical and chemical properties of a new 
root-end filling material. J Endod 1995;21:349 -53. 

3. Johnson BR. Considerations in the selection of a 
root-end filling material. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 1999;87:398-404. 

4. Torabinejad M, Chivian N. Clinical applications of 
mineral trioxide aggregate. J Endod 1999;25:197-205. 

5. Islam I, Chng HK, Yap AU. Comparison of the 
physical and mechanical properties of MTA and 
Portland cement. J Endod 2006;32:193-7. 

6. Danesh G, Dammaschke T, Gerth HU, 
Zandbiglari T, S chafer E. A comparative study of 
selected properties of ProRoot mineral trioxide 
aggregate and two Portland cements. Int Endod J 
2006;39:213-9. 

7. Bodanezi A, Carvalho N, Silva D, Bernardineli 
N, Bramante CM, Garcia RB, de Moraes IG. 
Immediate and delayed solubility of mineral trioxide 
aggregate and Portland cement. J Appl Oral Sci 
2008;16:127-31. 

8. Poggio C, Lombardini M, Alessandro C, 
Simonetta R. Solubility of root-end- filling materials: 
a comparative study. J Endod 2007;33:1094-7. 

9. Bortoluzzi EA, Broon NJ, Bramante CM, 



Saghiri et al. 124 

Felippe WT, Tanomaru Filho M, Esberard RM. 
The influence of calcium chloride on the setting 
time, solubility, disintegration, and pH ofmineral 
trioxide aggregate and white Portland cement 
with a radiopacifier. J Endod 2009;35:550-4. 

10. Fridland M, Rosado R. Mineral trioxide aggregate 
(MTA) solubility and porosity with different water- 
to-powder ratios. J Endod 2003;29:814-7. 

11. ISO 6876. International Organization for 
Standardization. Dental root canal sealing materials. 
2002. 

12. Aqrabawi J. Sealing ability of amalgam, super 
EBA cement and MTA when used as retrograde 
filling materials. Br Dent J 2000;188:266-8. 

13. Grossman LI. Solubility of root canal cements. J 
Dent Res 1978;57:927. 

14. Vivan RR, Zapata RO, Zeferino MA, Bramante 
CM, Bernardineli N, Garcia RB, Hungaro Duarte 
MA, Tanomaru Filho M, Gomes de Moraes I. 
Evaluation of the physical and chemical properties of 
two commercial and three experimental root-end 
filling materials. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2010; 1 10:250-6. 

15. Sarkar NK, Caicedo R, Ritwik P, Moiseyeva R, 
Kawashima I. Physicochemical basis of the biologic 
properties of mineral trioxide aggregate. J Endod 
2005;31:97-100. 

16. Fridland M, Rosado R. MTA solubility: a long 
term study. J Endod 2005;31:376-9. 



I<EJ Iranian Endodontic Journal 2011 ,6(1) .21-24 



